This paper investigates precautionary saving under liquidity constraints in Pakistan using household panel data. In particular, while we estimates Kimball's (1990) prudence parameter, we deviate from Dynan's (1993) framework by explicitly considering liquidity constraints, as in Zeldes (1989). By doing so, we attempt to differentiate the standard precautionary saving caused by uncertainty from the one due to liquidity constraints.
Introduction
People in developing countries, especially the poor, face a wide variety of income shocks. The existing studies address the effectiveness of self, mutual, or market insurances against income shocks such as precautionary saving, credit market transactions, labor market participation, and mutual transfers [Besley (1995) The purpose of our study is to empirically examine the relationship between liquidity constraints and precautionary saving using the household panel data from rural Pakistan. In order to achieve this, Kimball's (1990, henceforth Kimball) concept of prudence is estimated primarily based on the framework studied by Dynan (1993, henceforth Dynan) . This study differs from previous work in that it integrates Dynan's approach with Zeldes' (1989, henceforth Zeldes) liquidity constraint model, which is extended by endogenous liquidity constraints.
We document substantial evidence with regard to the existence of precautionary saving in Pakistan. Furthermore, the findings suggest that the levels of estimated prudence appear to be associated with the levels of wealth: While poor, liquidity-constrained households behave prudently, rich, un-constrained ones do not exhibit precautionary saving motives. The findings could have significant implications on the role of precautionary saving in developing countries.
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In particular, this paper attempts to contribute to the research on this sub-1 When facing a negative income shock, a household can utilize credit market transactions to smooth consumption by reallocating future resources for present use [Eswaran and Kotwal (1989) ; Besley (1995) ]. Yet, there is a plenty of evidence that poor households have only limited access to the credit market and are therefore constrained from borrowing [Morduch (1990) , Pender (1996) ]. Since households are aware that liquidity constraints are binding, they will attempt to insure themselves by accumulating precautionary saving. Then, in the event of unexpected negative shocks, the households utilize their own financial and physical assets that have been previously accumulated [Deaton (1991) ]. 2 The importance of precautionary saving in general has been well documented. For an example on aggregate consumption, see Gourinchas and Parker (2001) . For a survey based on micro data, see Browning and Lusardi (1996) . ject in three ways. First, multiple risk-coping strategies are considered. Most of the existing studies on risk and household behavior in developing countries have not permitted the simultaneous employment of different risk-coping strategies by households [Rosenzweig (2001) ]. It would be merely misleading to consider any single method of risk-coping in isolation [Alderman and Paxson (1992, p.2) ].
This paper aims to particularly bridge this gap in the existing literature by considering both the precautionary saving and liquidity constraints within an integrated framework. 3 Second, this paper investigates the empirical relationship between precautionary saving and liquidity constraints. Based on numerical studies, Zeldes (1984) showed that liquidity constraints could induce precautionary saving even under the quadratic utility function. Carroll and Kimball (2001) This type of empirical research is particularly important in the context of de-3 This type of study is also of practical importance since changes in the costs and benefits of one coping strategy affect the manner in which other strategies are used, and thus, these interactions among different strategies may be important for a policy design. For example, Cox and Jimenez (1990) have shown that public transfers crowded out altruistically-motivated private transfers, mitigating the net effectiveness of public interventions. 4 See Samwick (2003) and Xu (1995) for other theoretical treatments. 5 There exist a large number of discussions on the usefulness of the consumption Euler estimation approach. See Attanasio and Low (2004) , Carroll (2001) , and Ludvigson and Paxon (2001) for examples. In particular, Ludvigson and Paxon (2001) argued that Dynan's specification was likely to produce a downward bias in the estimated prudence parameters.
veloping countries. Poor households in developing countries are known to hold significant amounts of precautionary saving in a wide variety of forms such as stored grain, cash holdings, jewelry, and livestock [Alderman (1996) Park (2005) argued that grain stocks were the most important form of precautionary saving in developing countries despite their negative returns. This is a strange situation wherein many impoverished people save their precious resources, which later generate negative returns. This seemingly awkward practice may be due to the lack of access to credit and/or reliable saving opportunities.
Finally, this paper provides another reason for small estimates of the prudence parameter in the U.S., based on the Dynan specification. 6 While existing studies such as Chen and Zhou (2003) for China, Hori and Shimizutani (2005) for Japan, Ludvigson and Paxon (2001) for the U.S., and Merrigan and Mornandin (1996) for the U.K. provided several possible reasons, our study considers a repeatedly investigated factor-the liquidity constraint. Some unique information on liquidity constraints obtained from the Pakistan panel data set permits a more precise empirical analysis of precautionary saving and liquidity constraints as compared with that of the previous studies. In other words, estimating the prudence parameter based on the Dynan specification without taking into account liquidity constraints may lead to an omitted variable bias if a large portion of the sample is liquidity-constrained.
In summary, this study documents strong evidence in support of the existence of precautionary saving under liquidity constraints in Pakistan, characterized by the sizable estimated prudence parameters. However, if the liquidity constraint variables are not controlled, the estimated prudence gets signifi- 6 Dynan estimated the prudence parameters to be in the range of 0.02 and 0.3 and argued that these values were too low to be consistent with the widely accepted beliefs about risk aversion. cantly lowered, suggesting a possible omitted variable bias in Dynan's specification. Moreover, prudence is substantially higher in the case of the liquidityconstrained rather than unconstrained households. The results are robust even when the endogeneity bias with regard to liquidity constraints is carefully eliminated. The precautionary saving motives are found to be stronger when households have limited access to credit markets, suggesting that the levels of estimated prudence may be associated with levels of wealth. In other words, the rich, having credit market access, display few precautionary saving motives. This is consistent with the findings of Alderman (1996) who estimated saving functions directly using the same data as ours; he found that the wealthiest households saved their entire transitory income. Thus, the standard life cycle permanent income hypothesis holds. C is the consumption level.
7 Moreover, we extend Dynan's specification by explicitly considering possible liquidity constraints. Let A, y, and Z represent household assets at the beginning of the period, exogenously given income, 7 The non-negative third derivative of the utility function indicates that the marginal utility is convex and when a consumer faces increases in uncertainty, the expected consumption growth rises. Thus, the household increases saving and decreases consumption. and the credit ceiling, respectively. Following Zeldes, the liquidity constraints A + y − C + Z ≥ 0 are introduced into the household problem, and, accordingly, we derive the following consumption Euler equation:
where r is the interest rate, δ is the subjective discount rate, and E t is the conditional expectation operator. The last term on the right hand side, λ, is the Lagrange multiplier associated with the liquidity constraint equation.
In Equation (1), the shadow value of the constraint λ t for the un-constrained households is zero, and the standard consumption Euler equation holds. However, with regard to the constrained households, the shadow cost of the liquidity constraint is positive, i.e., λ t > 0 and the household decreases its current consumption. With a non-zero shadow cost of the liquidity constraint, this study applies a second-order Taylor approximation of E t [U (C i,t+1 )] around the point C t to obtain the following modified Euler equation:
where σ is the coefficient of relative risk aversion, − U Ci,t U , ρ is the the coefficient
Ci,tU . In order to derive an estimable model based on Equation (2), we follow Merrigan and Normandin (1996) and replace the expected consumption growth term with the observed consumption growth as well as the rational expectation error terms:
where
In Equation (3), β 1 captures a half of the coefficient of relative prudence under liquidity constraints. Equation (3) is our econometric model to be estimated. In Equation (3), the error term η i has a mean of zero, but it might be correlated with (
Thus, this study employs the instrumental variable (IV ) regressions to estimate the model. Moreover, it is unlikely that the error term η is independent and identically distributed for the following three reasons: there might exist measurement errors, changes in tastes may not be independent and identically distributed, and expectations errors may differ across families. Hence, we control for heterogeneity and aggregate shocks by including age dummies and district dummies in the estimated equation.
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The manner in which the Lagrange multiplier term for liquidity constraints should be treated is a remaining issue. The conventional empirical approach such as Zeldes (1989) employs the divided sample into two groups based on income and asset information: those likely to be liquidity-constrained (λ i,t ≥ 0) and those not likely to be liquidity-constrained (λ i,t = 0). 9 It is straightforward to show that the Lagrange multiplierλ is a negative function of the household's income Y i,t . Therefore, we follow Zeldes and use the household income as a proxy for the shadow value of the liquidity constraint by assuming thatλ i,t = β 2 Y i,t , where β 2 < 0 for constrained households and zero for un-constrained households.
Among other things, the data set used in our study contains a unique piece of information regarding liquidity constrained households, which will help us clearly identify the constrained and the un-constrained groups. We then estimate the model with different prudence and income coefficients, i.e., β 1 and β 2 , for these two groups of households.
Endogenous Liquidity Constraints
The above exogenous sample split approach assumes that the liquidity constraint is exogenously given. However, the Euler equation (2) indicates that the liquidity constraint is endogenously determined; thus we also consider endogeneity of liquidity constraints following Garcia, et al. (1997) . According to them, the availability of credit may depend not only on economic variables but also on socio-economic values due to collateral requirements and standard information-economics reasons. Thus, they argued that it would be better to use multiple factors while determining the liquidity-constrained groups.
Assume that C * and C represent the optimal consumption in the absence of a liquidity constraint and the actually chosen consumption level, respectively. C * = C if the liquidity constraint is not binding, while C * > C if the liquidity constraint is binding. We can then define the gap, H, between C * and C * :
Following Hayashi (1985) and Jappelli (1990) , this study assumes that the conditional expectation of desired consumption C * can be approximated by a quadratic function of observable cross-sectional variables such as the current income, wealth, age of the household head, and household size. Assuming that the credit ceiling Z can also be a function of the same variables, we can represent H by a reduced form function:
where β W is the column vector of the coefficients of different variables used to determine liquidity constraints.
In order to estimate augmented Euler Equation (3), this study combines it with the endogenous liquidity constraint a la Japelli (1990). If superscripts u and c denote the unconstrained and constrained groups, respectively, the estimable Euler equation (3) can be rewritten as follows:
where δ is a dummy variable for the liquidity-constraint equation, which takes the value of one if the equation is binding, and zero, otherwise.
In order to estimate the system of Equations (6) and (7), this study applies Amemiya (1985) 's Type 5 Tobit model with observed regimes. We assume that errors η i and κ i in Equations (6) and (7), respectively, follow a bivariate normal distribution with zero means, a constant covariance σ ηκ , and constant variances.
The Type 5 Tobit model explicitly considers the endogenous sample selection bias arising from endogenous liquidity constraints. This study estimates the Type 5 Tobit model of Equations (6) and (7) using the Heckman's two-step procedure. In the first step, Equation (7) is estimated by a probit model. Then, based on the estimated coefficients from the first step, this study can obtain a consistent estimate of the sample selection correction term in the conditional expectation of the error term of Equation (6) . Subsequently, unbiased coefficients in Equation (6) and the corrected variance-covariance matrix can be estimated.
10 10 We also tried to consistently estimate the parameters in the Euler and liquidityconstrained equations by maximizing the log-likelihood function. Yet, we failed to achieve a convergence in the likelihood function. Therefore, we employed a two-step estimation pro-
The other issue that we consider here is an endogeneity bias arising from a correlation between the error term η i and (
In order to cope with this issue, this study postulates the following linear equation for the squared consumption growth: (
Assuming that u i and η i follow a bivariate normal distribution, we can employ the Smith and Blundell (1986) method to cope with the endogeneity bias by using the following equation
instead of Equation (6):
When Equation (8) is estimated along with Equation (7), the error term u is replaced with the residualû from the following estimated equation: (
3 Data and Estimation Results
IFPRI data
This study uses the multi-purpose household panel data pertaining to rural Pak- Yet, the remaining respondents were considered to be the un-constrained. The respondents who chose option (g) from the list could possibly be un-constrained because they may obtain sufficient credit from informal sources. We also conducted the same analysis using a weaker constraint indicator variable, identifying as the constrained group those who chose from options (b) -(f ) and (h).
The results with the weaker constraint variable, which are not shown in this paper, are fully consistent with the results reported in this paper. Indeed, the respondents who chose the option (g) from the list do not necessarily obtain sufficient credit from informal sources. This is the reason why we have decided to pursue the strict liquidity constraint indicator, using responses of (b) -(h) from the list as evidence of liquidity constraints.
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On the basis of these responses, we can identify the liquidity-constrained households who were not able to access credit. Since almost none of the existing multi-purpose household panel surveys include direct questions that identify liquidity constraints (Scott, 2000) , the IFPRI data set provides us with valuable information directly to separate the effects of liquidity constraints from those of precautionary saving. While the age profiles of the constrained and un-constrained households are similar, the other characteristics of the two groups are remarkably different.
14
The members of the constrained households are, on average, less educated and poorer than those of the un-constrained households. The constrained house- 13 The results based on the weaker constraints are available upon request from the corresponding author.
14 However, the credit module with information relevant to this study is included only during the initial year (round six); thus, we utilize data from the first two years only. 15 This study considers households whose heads are over 16 years and less than 65 years of age. 16 Pakistan had a fixed exchange rate system in 1986-87. $1.00 = 17. On the other hand, the un-constrained households have less than 0.5 of an average propensity to consume. It is evident that the average income for the un-constrained households is close to 50,000 Rupees ($2,881.84), which is almost twice the income level of the constrained households. In addition, the un-constrained households own larger areas of land and more livestock than the constrained ones.
In summary, the descriptive statistics confirm the documented stylized fact of poor households in developing countries: More than 85% of the households in the sample are liquidity-constrained. Therefore, empirical investigations on precautionary saving motives based on the Pakistani household data set could shed light on the importance of complementarity and substitutability with respect to precautionary saving and liquidity constraints. Tables 2-6 show the estimation results for the various specifications considered in this study. As discussed in the previous section, it should be noted that the consumption growth is not an exogenous variable. Thus, we choose education variables, occupation dummies, the numbers of earners in the household, and the value of assets as instruments. 17 First, Table 2 presents the summary of the estimation results for four specifications, which are the same as those of Dynan.
Estimation Results
The first four columns of Table 2 present the results without including district dummies, and the next four columns display the results with district dummies.
There are four districts in the data set and the district dummy variables are able to capture aggregate risks. 18 Since the overall uncertainty could affect the level of prudence, we control for aggregate risks by including district dummies.
Also, age dummies are included in all the specifications in order to control for life cycle effects.
The R 2 s for the first-stage regressions range from 0.056 to 0.079, implying that the instruments explain only a small portion of the variability of consump-
tion. Yet, this is similar to the previous studies, including the one conducted by Dynan. While we cannot reject the hypothesis that the coefficients of the instruments are equal to zero in the first stage (Table 2) , the overall results of the over-identification tests in Tables 2, 3 , and 4 assure the validity of these instruments. The exceptions are specifications (1), (2), and (3) in Table 2 .
On the other hand, the second-stage estimation results reveal that risk affects consumption growth positively. In the absence of the district dummies, the implied prudence parameters range between 0.104 and 3.562. Among the four different cases, the results from the first IV regressions (1) in Table 2 show that the implied prudence parameter is 1.550, rejecting the hypothesis that the coefficient of relative prudence is zero. It is evident that the implied prudence is substantially greater than the U.S. estimate reported by Dynan for specifications (1) and (2) . On the other hand, the estimated prudence parameters in specifications (3) and (4) are similar to Dynan's estimates.
In Table 2 , the implied prudence parameters in the specifications with district dummies are greater than the ones without district dummies. The results from the model with district dummies suggest that precautionary saving motives become stronger once aggregate risks are taken into account.
This study continues to investigate the precautionary saving motives by in- 18 The district dummy variables could also capture the supply aspects of the credit markets.
tegrating the framework presented by Dynan with Zeldes' model of liquidity constraints. Table 3 summarizes the results with income as an additional independent variable for the Lagrange multiplier associated with the liquidity constraint. With respect to the full set of instruments, the estimated prudence parameter is found to be 2.140, which is statistically significant [specification (1)]. More importantly, the coefficient on income is found to be negative and statistically significant. This is consistent with the model of liquidity-constrained households. In Table 3 , the overall negative sign of the coefficient on income suggests that the consumption Euler equation does not hold for Pakistani households in general and the shadow value of liquidity constraints is positive. Indeed, it could be a reflection of the fact that more than 85% the households in the sample are liquidity-constrained. Among other things, Table 3 reveals that the specification suggested by Dynan could suffer from omitted variable biases if applied to developing countries, wherein most of the households are liquidityconstrained. When the results of Table 3 are directly compared with those of Table 2 , the estimated prudence parameters are found to be uniformly larger except the specification (2).
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This study further examines precautionary saving under liquidity constraints by looking at two separate groups of households on the basis of the direct responses that each household provided in the survey. The results from the two split samples provide even stronger evidence for precautionary saving in Pakistan: Table 4 shows that for all four sets of instruments, the estimated prudence parameters for the constrained households are positive and the coefficients on income are negative. These prudence parameters are uniformly larger than the previous estimates in Tables 2 and 3 . They are, indeed, all statistically sig-nificant, suggesting a violation of the standard consumption Euler equation.
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On the other hand, for the un-constrained households, we fail to reject the hypothesis that the estimated prudence parameters and the shadow value of liquidity constraints are all equal to zero. This is consistent with the standard consumption Euler equation.
A comparison between the implied prudence levels of the constrained group using the full set of instruments, i.e., specification (1) in Table 4 and the one using the same set of instrument in Table 3 reveals that the overall prudence level estimated before the two groups were split could underestimate the importance of precautionary saving of the constrained group. The implied prudence levels of the former and latter groups are 2.578 and 2.140, respectively. As we discussed briefly, since a majority of poor households tend to be liquidity-constrained in Pakistan, they appear to behave very prudently.
A question arises with regard to the other implications that these results have. While this study does not have sufficient data to track the entire lifecycle consumption-saving behavior of each household, the pattern that emerges from Tables 1 and 4 indicates that a low level of prudence is associated with a high level of wealth. In other words, prudence decreases with an increase in wealth. These observed differences in the prudence levels of the two groups of households could be evidence of the decreasing relative risk aversion (DRRA) or the decreasing absolute risk aversion (DARA), which is theoretically studied by Kimball. Finally, this study employs the use of switching regressions to investigate 20 The levels of significance vary depending on instruments. 21 If the risk premium associated with any risk is a decreasing function of wealth, then preferences exhibit DARA. Furthermore, DARA requires U > 0, which implies prudence. DRRA is a very close concept and is stronger than DARA. See Kimball for details.
possible sample selection biases arising from endogenous liquidity constraints (Tables 5-6 ). Table 5 displays the first stage Probit estimation for the purpose of determining liquidity-constrained households. The results presented in Table   5 indicate that a higher income level leads to less binding liquidity constraints. Table 6 presents estimation results for switching regressions, in which we fail to reject the hypothesis that the sample selection correction term is zero for all four specifications. In addition, the Smith and Blundell adjustment term is found to be statistically insignificant. 22 While the estimated sign of prudence is consistent with the theory's prediction, the size of the implied prudence becomes slightly smaller for the constrained households in comparison to the one in Table   4 : The estimated prudence is found to be 1.871 for the constrained and 0.942 for the un-constrained households. Lastly, although the coefficients on income are negative for both the constrained and the un-constrained households, they are not statistically significant. The overall results imply that while, in principle, endogenous liquidity constraints are important and could cause biases in the estimated parameters; our specifications in Table 4 may not suffer from the sample selection problem. Our results are consistent with the findings of Garcia, et al. (1997) : it is unlikely that households self-select whether they wish to be liquidity-constrained. Thus, potential sample selection problems caused by endogenous liquidity constraints do not appear to be severe.
Concluding Remarks
In summary, this study's empirical investigations provide three main results.
First, we document strong evidence of the presence of precautionary saving in Pakistan, especially with respect to the liquidity-constrained households, the es- 22 When the full set of instruments (1) is used, the estimated covariance term is found to be -0.066 and the Smith and Blundell adjustment term is -0.058 for the constrained households. However, both the terms are not statistically significant even at the 10% level of significance. Table 1 shows that their actual average propensity to save is much smaller than that of the un-constrained households.
Thus, it may be difficult for them to accumulate assets over their life cycle.
This may be one of the reasons why the constrained households end up owning small assets. Finally, the results of this study suggest that precautionary saving becomes stronger under liquidity constraints. The existing theoretical and numerical studies demonstrate that the possibility of future binding constraints makes the household accumulate buffer stock [Samwick (2003) ; Caroll and Kimball (2001); and Xu (1995) ]. In this line of research, the presence of liquidity constraints in the standard life cycle model with uncertainty would increase future income risks. Thus, the liquidity constraints strengthen the precautionary saving motives for households. Our results provide an empirical validity to these claims because this study finds that broadly-defined liquidity constraints cause the households to behave prudently. In other words, the results reveal an empirical complementarity between precautionary saving and liquidity constraints.
The findings reported in this study imply that the liquidity-constrained poor would be willing to hold assets even with low or negative returns because they have a desire to set up a buffer stock. This may appear as perverse behavior at first sight; however, it is indeed a rational response given their environmental constraints. The findings question the commonly-held assumptions among researchers that borrowing constraints are far more serious than savings constraints. The combination of the two would generate more serious welfare consequences on the poor than the liquidity constraints alone. From a practical viewpoint, this study supports the emerging view among microfinance practitioners and policy makers that facilitating saving may often be more important than finding better ways to lend to low-income customers, and particularly to Standard errors are in parentheses. IV (1) includes education, occupation, number of earners, and assets. IV (2) includes occupation, number of earners, and assets. IV (3) includes education, number of earners, and assets. IV (4) includes education, occupation, and assets. Age dummies (not reported here) are included to control for the life-cycle effects. a. represents the over-identification tests based on Sargan pseudo-F tests. *** 1% level; ** 5% level; * 10% level; # 15% level Standard errors are in parentheses. C stands for Constrained households and Un-C for Un-constrained households. IV (1) includes education, occupation, number of earners, and assets. IV (2) includes occupation, number of earners, and assets. IV (3) includes education, number of earners, and assets. IV (4) includes education, occupation, and assets. Age dummies (not reported here) are included to control for life cycle effects. a. represents the Smith & Blundell adjustment term and b. represents the sample selection correction term. *** 1% level; ** 5% level; * 10% level; # 15% level
